The aim of management of DKA is to restore metabolic homoeostasis while minimising the risks of complications including hypoglycaemia, hypokalaemia, cardiac failure, and in children the development of cerebral oedema. How best to achieve this remains contentious, with particular controversy centred on optimal fluid management. The most appropriate volume, type, and rate of fluid to be given have all been the subject of debate. A survey in 1994 of UK paediatricians found a threefold variation in the amount of fluid recommended within the first 12 hours. 8 Since then national guidelines have been developed by the British Society for Paediatric Endocrinology (BSPE). However, it remains uncertain whether the recommended strategy, using a volume calculated by "maintenance plus deficit", is the safest and most appropriate way to manage rehydration in children with DKA. We suggest that childhood DKA may be considered and treated as a variant of renal electrolyte disorder with hypertonic dehydration.
FLUID AND ELECTROLYTE LOSSES
The fluid and electrolyte losses of DKA are predominantly caused by hyperglycaemia with resultant glycosuria and osmotic diuresis. In addition, the kidney has a low threshold for ketoacids, which are excreted into the urine with an accompanying cation, further exacerbating the electrolyte loss. Relative acute dehydration with a larger sodium loss will result primarily in intravascular dehydration, but a more prolonged development will result in a greater degree of intracellular dehydration, with relative maintenance of intravascular volume, particularly if the patient remains polydipsic. 9 There are thus wide variations in fluid, acid-base, and electrolyte deficiencies, during both development and treatment of DKA, yet few protocols acknowledge this.
There is clear evidence that volume depletion triggers the release of counter regulatory hormones including catecholamines, growth hormone, and cortisol as well as renin, aldosterone, and arginine vasopressin. 10 11 These hormones, whose combined actions are directed towards preserving intravascular volume, also cause insulin resistance. An important effect of fluid administration is therefore reducing the stimulus for the secretion of the counter regulatory hormones. Indeed it has been shown that plasma glucose starts to fall following fluid administration prior to giving insulin, although insulin is required for correction of the metabolic acidosis. 12 
RISK FACTORS FOR CEREBRAL OEDEMA
The importance of prompt restoration of the circulating volume for patients presenting with DKA is clear. However, the observation that symptomatic cerebral oedema often occurs several hours after treatment has begun, usually at a time when plasma glucose has started to fall and metabolic acidosis to improve, has led to concern that the treatment itself may contribute to the development of cerebral oedema. There have been few case controlled studies of cerebral oedema complicating DKA and there is conflicting evidence as to the role of iatrogenic factors in fatal cases. 6 13 However, excessive rates of fluid administration, particularly early in resuscitaion, 14 and failure of plasma sodium to rise as plasma glucose declines, have been identified as risk factors.
Studies using computed tomography suggest that subclinical cerebral swelling may be a common occurrence in children presenting with DKA, 15 16 although this has been disputed. 17 If cerebral swelling is a relatively common event it is not clear why only a minority progress to herniation. In addition, fatal herniation has occurred in the absence of any fluid therapy. Therefore, although clearly not the only cause, it seems reasonable to conclude that fluid management may be a factor contributing to the development of overt cerebral oedema. On the basis of the available evidence it would seem prudent to avoid rapid rates of fluid infusion and to maintain serum sodium concentrations in order to avoid the potential danger of excess free water administration which may exacerbate the development of symptomatic brain swelling.
Failure to follow guidelines for the management of DKA has been well documented. 18 Of particular concern is the evidence that clinicians have been consistently shown to overestimate the degree of dehydration in this condition. 19 20 Nevertheless, the assumption underlying most DKA protocols is that rehydration is desirable and achievable in 24 hours, using a volume calculated by "maintenance plus deficit".
THE NEED FOR CHANGE?
From a renal perspective the term "maintenance fluid" is a misnomer. True maintenance fluid volume in children is the sum of the insensible losses plus the obligate urine production and is probably only 40% of recommended amounts. 21 Water requirements are related to energy expenditure. The recommended "maintenance" volumes are based on calculations of insensible losses (estimated as 50 ml/100 cal/day) plus 66.7 ml/100 cal/day to replace urine output. 22 This allows for production of isotonic urine. As normally functioning kidneys are capable of fourfold concentraton of the glomerular filtrate, "maintenance fluids" will provide sufficient volume for both insensible and obligate losses as well as the extra needed for rehydration. A 5% dehydrated child with normally functioning kidneys can be rehydrated using "maintenance" fluid only-albeit slowly.
In non-diabetic dehydration it is customary to assess whether the dehydration is hypertonic, hypotonic, or isotonic 
Have we got it
It is accepted that safe therapy of hypertonic dehydration should be both prolonged and cautious to avoid the development of fits and cerebral oedema during rehydration. 23 24 The cells of the central nervous system protect cell volume under hyperosmolar conditions by producing intracellelular osmotically active molecules, "idiogenic osmoles". 25 Once formed these molecules dissipate slowly. Rapid reduction of plasma osmolality by the administration of free water under these conditions will create a gradient, causing movement of water into brain cells and thus brain swelling. These considerations probably apply equally to hypernatraemic dehydration and diabetic ketoacidosis.
We suggest that the treatment of dehydration of severe DKA should be based on the general principles used to treat dehydration combined with renal failure, taking into account the additional relatively brief 19 problem of an osmotic diuresis. Halting the decompensation process is the initial therapeutic goal, followed by provision of sufficient fluid to allow the establishment of renal and hormonal homoeostasis over a period of time comparable to that taken for the problem to develop. There is no evidence that the use of modest fluid regimens is harmful. 26 27 Harris and colleagues 19 28 have shown that in 149 episodes of childhood DKA, rehydration over 48 hours was associated with "no deaths or near death episodes", and Johnston reported that in adults a regimen of 48-72 ml/kg/day was safe. 29 
A PROPOSAL
Twenty or so years ago there was a revolution in the management of DKA with the introduction of continuous intravenous insulin infusion. Perhaps it is now time for another review, not only of the fluid management, but also of all other aspects. There are several interested parties-endocrinologists, nephrologists, general paediatricians, and specialists in emergency medicine. We wonder whether a summit meeting should be convened to consider this; perhaps to commission research (the NHS and the corporate spirit of British paediatrics are ideal for such multicentre studies) and propose a second revolution in DKA management. Who will step forward? T he treatment of the child with diabetic ketoacidosis (DKA) is unfortunately not based on very much evidence, but rather on anecdote and precedent. Fluid management has developed over several decades, with changes occurring gradually in an attempt to avoid complications (initially hypokalaemia, more recently cerebral oedema), rather than a logical approach to the particular fluid and electrolyte deficits. This has resulted in some anomalies in the management of DKA, and Inward and Chambers have now opened the debate about whether a revolution in fluid and electrolyte management is necessary.
DKA is associated with severe fluid losses. Much of the information about the specific fluid and electrolyte deficits in DKA was obtained in the 1930s from work on two young men with diabetes whose fluid and electrolyte balance was studied in great detail before, while, and after they were allowed experimentally to become ill with DKA. 1 The reported fluid deficit appeared to be approximately half from the intracellular and half from the extracellular compartments. [1] [2] [3] This work formed the basis for most of the DKA management protocols in existence. 3 4 For obvious reasons, these studies have never been repeated in children, and yet body composition and fluid requirements are very different from those in adults.
Moreover, as Inward and Chambers point out, factors such as the duration of the episode of DKA will produce wide variations in fluid and electrolyte deficiencies. The water deficit is made up of varying combinations from the osmotic diuresis, vomiting, and hyperventilation. Sodium losses are also variable, depending on the predominating fluid type lost and on the adequacy of renal perfusion. There will also usually have been increased oral consumption of fluids of different compositions, which may affect the presenting fluid and electrolyte picture. 5 It may not therefore be appropriate to treat all children with identical fluid regimens, particularly protocols extrapolated largely from studies in adults.
In particular, it is very difficult to quantify sodium losses. Plasma sodium levels may be low, normal, or high, depending more on renal perfusion and duration of polyuria than on total body losses. However, in current guidelines, the amount of sodium given as normal saline early during rehydration (after the resuscitation period) depends on the length of time it takes for the blood glucose to reach 12 mmol/l, taking no account of sodium requirement. This may result either in giving too little sodium relative to water if the blood glucose falls too fast, or conversely giving too much if the blood glucose falls too slowly. This aspect certainly does require review.
Over the years, adult oriented protocols have been adapted to reduce the risk of various complications. For example, hypoglycaemia has largely been avoided by the use of low dose insulin infusions, 6 7 and hypokalaemia by the use of early and adequate potassium replacement. 8 A similar process has been occurring in an attempt to avoid cerebral oedema, the main cause of morbidity and mortality. The cause of this devastating complication is not known, but the timing of most episodes has suggested that it may be related to the fluid management. Furthermore, several studies (although not randomised controlled trials, or even casecontrol studies) have suggested that factors in the fluid and electrolyte management might play a part in the aetiology. [9] [10] [11] This has led to changes in the protocols, such as slowing down of fluid replacement, lower volumes of "maintenance" fluids, avoidance of sodium bicarbonate administration, and close observation of plasma sodium concentration. All of these adaptations should theoretically make the protocols "safer", yet there is no evidence that the incidence of cerebral oedema has changed over the past 20 years. 12 There is furthermore no evidence that adopting the type of rehydration and electrolyte replacement scheme suggested by Inward and Chambers will have any impact on the incidence of cerebral oedema. In the quoted study of Harris and Fiordalisi in which children were rehydrated slowly with sufficient sodium to produce a gradual rise in plasma sodium concentrations, although there were "no deaths or near death episodes", there were still six children in whom behaviour change or increasing obtundation were treated with mannitol.
11 It may therefore be increased vigilance and early rescue therapy which prevented sequelae from cerebral oedema rather than the type of fluid and electrolyte therapy. 13 Inward and Chambers give very little detail of how a "renal" rehydration schedule would differ from current DKA guidelines which frequently do suggest a more protracted rehydration period.
Any guidelines for fluid and electrolyte management of DKA in children must be simple to calculate. Although no one would disagree with Nabarro et al that "the treatment of severe diabetic ketoacidosis should not be left to the house physician", 2 it is generally the tired junior doctor who works out the fluid prescription. Given the plethora of DKA protocols previously in existence, and the complex nature of many of their calculation methods, 14 it would not be in the interests of patients or doctors to produce guidelines which require very complicated calculations. We have only recently started in this country to adopt National (BSPED recommended) Guidelines, and have yet to see whether this will impact on the incidence of cerebral oedema.
Thus, although there are reservations, Inward and Chambers are right to open this debate. There are other anomalies in the treatment of DKA to be addressed by the proposed multidisciplinary discussion group, for which I would be delighted to step forward. However, until we have further research, which must be national or even international and collaborative, discussion (even involving many disciplines) will not provide us with all the answers.
